I. INTRODUCTION
In 2017, at the 7th Internet of Things (IoT) Week held in Geneva, the IoT research and industry community, jointly with ITU and other stakeholders, expressed their support for researching, developing and leveraging IoT technologies for sustainable development and for building a brighter future for our planet and its inhabitants [1] .
IoT should not be restricted only to the challenges of industrialized countries; in the developing world IoT can act as a key piece to achieve stronger and sustainable development. IoT is already making great efficiency and productivity gains in industrialized countries, but it is rather equality importance for the developing world.The IoT has the tremendous opportunity for the human and economical development; it would be a mistake to overlook the potential for an even bigger and more significant impact in developing countries [2] . Developing countries are ideal for IoT innovation: the problems faced by the developing world can open up diverse and unexplored The associate editor coordinating the review of this manuscript and approving it for publication was Yuyu Yin . areas to which IoT can be applied. Apart from supporting economic growth, IoT also makes a significant contribution to development in social, environmental, as well as cultural aspects [3] .
In recent years, IoT projects have started to develop for their application in the developing world, mainly in sub-Saharan Africa and southern. For example, along with the installation of renewable energy system, IoT applications have been installed for the monitoring and management of energy, improving the access to electricity [4] , [5] . In the health sector, IoT proposals such as the monitoring of cold chain for vaccines have been implemented [6] . Water is another sector with a great potential for IoT: projects focus on the provision of water for both sanitary and agriculture (irrigation) have been also developed in rural areas of developing countries [6] - [10] . Emergency situations are one of the potential applications of IoT in developing countries to prevent and face natural disasters [10] detecting earthquakes, tsunamis or typhoons [4] . In the developing world, lack of resources means that simpler, more cost-effective solutions may prove more effective in a developing country context [4] . [12] .
The ultimate goal of this work is to study the current context and challenges to successfully apply IoT in developing countries by highlighting the weakness and strengths of its application in the developing world, to achieve the Sustainable Development Goals (SDGs) of United Nations. This work also studies the potential of combining IoT based on open-source tools and new financial models, and reviewing previous works conducted in developing [19] . poverty beyond 2015 [11] . SDGs (listed in Table 1 ) are a universal call to action to end poverty, protect the planet and ensure that all people enjoy peace and prosperity [12] , all to be accomplished by 2030.
By 2025, experts predict that the 40% of economic added value from IoT will be generated in the developing world (upwards trend), according to a KfW Group's report (2016) [13] . The IoT generate economic growth and can also make an important contribution to socially and ecologically sustainable development.
The World Economic Forum's IoT for Sustainable Development project aims to encourage the use of the Internet of Things to accelerate progress on the 17 SDGs [14] . In 2018, the analysis of the World Economic Forum [15] reported that 84% of IoT deployments currently address (or have the potential to address) SDGs. This project presented an IoT analytics database of 640+ IoT projects [14] for studying the potential ot IoT to support the SDGs, stated that the 75% of these IoT projects focus on five SDGs; (25%) SDG9, (19%) SDG11, (19%) SDG7, (7%) SDG3 and (5%) SDG12. In addition, results showed that the 95% of projects studied are small/medium sized and the 70% of these Internet of Things for Development (IoT4D) projects are led by private sector (80% originate in the Americas and Europe).
These IoT solutions could be replicated in the developing world generating new business opportunities; the lack of access to digital infrastructure could put both countries and individuals at risk of being left even further behind in economic terms [16] . SDGs are interconnected, and often the key to success of one goal involves tackling issues more commonly associated with another. The report ''Harnessing the Internet of Things for Global Development'' [4] written as a contribution to the ITU/UNESCO Braoadband Comission for sustainable Development mapped the SDGs in sectors ( Table 2) .
The review focuses on Sectors 1-5. These areas include the five SDGs with most potential to be addressed using IoT applications. The objectives Zero Hunger (SDG2), Clean Water & Sanitation (SDG6) and Affordable & Clean Energy (SDG7), very important goals that together form the waterenergy-food nexus (an index commonly used to measure development) [17] - [19] are also included. The IoT context in the developing world as well as profitable IoT projects carried out in developing countries using Sectors 1-5 as a reference are presented below. Fig.1 . shows the analysis scheme for the study of the IoT application in developing countries followed in this study.
1) HEALTH, WATER, AND SANITATION
More than 2 billion people live without access to safe drinking water and more than twice that number lack access to safe sanitation [20] . Additionally, 850 million people from rural regions in developing countries also have no access to water for agricultural production, which is often their primary source of income [21] . Millions of women and children spend endless hours fetching water from long distances, and water sources are often unclean or unaffordable. So the Clean Water & Sanitation Goal (SDG6) is a precursor to other SDGs, such as health care (SDG3), education (SDG4), gender equality (SDG5) and jobs (SDG8) [22] .
The application of IoT helps to achieve the SDG6 providing reliable objective information about the state of water resources, their use and management, and also about wastewater generation and treatment [22] . For example, in rural regions of Africa, an evaluation showed that 30-40% of pumps were nonfunctional and communities have no access to clean water up to 1 month after fixing pumps [23] . GSM enabled water meters to enhance water pump monitoring, especially in cases like India where 85% of drinking water is groundwater-dependent [23] . Several projects based on the application of IoT to Water have been successfully implemented. In Bangladesh, 48 arsenic sensors were installed to monitor the quality of clean water and water pollution prevention. In the JiangSu province in China, water supply quality is also monitored with a wide range of IoT sensors located at key points of the distribution network [6] . A clever low-cost reverse osmosis system, coupled to smart controllers, allows clean water to be efficiently distributed to rural areas of India, and to monitor and guarantee the quality and quantity of water supplied in real time [7] .
In developing countries the mortality rate of children before 5 years old is 15 times higher than in high income countries. In 2017, 5.4 million children under-five died; the access to simple and affordable interventions could be prevented more than half of these early child deaths [24] . In 2015, an estimated 303,000 women around died due to complications of pregnancy and childbirth [25] . A major part of these deaths were in developing countries; 2/3 of those occurred in sub-Saharan Africa [26] . With an improvement of management and care in developing countries this number of deaths could be reduced [25]: lifetime risk of dying from maternal causes in Africa was 1 in 37, in Europe was 1 in 3300 [26] . The application of the IoT in healthcare allows remote monitoring and personal healthcare, medical device integration and even treatments of diseases [8] , accelerating the attaining of SDG3. As a n example, one of the main IoT applications in developing countries is the monitoring of the vaccine cold chain. In Haiti, healthcare professionals are using smart thermometers to better track vaccine delivery and storage [5] . IoT technologies are also being used to address immediate challenges in humanitarian response, such as the Ebola outbreak in West Africa [4] .
2) AGRICULTURE AND LIVELIHOODS
In 2017, the number of hungry people in the world reached 821 million [27] . Children are the most vulnerable victims of malnutrition. About 3 million young lives a year, nearly half of all deaths in children aged less than 5 years old are attributable to malnutrition [28] . The Zero Hunger Goal (SDG2) pledges to end hunger, achieve food security and improved nutrition, and promote sustainable agriculture [27] . In 2050, the world population is estimated at about 9.7 billion, thus the demand for food will be very high [29] . To nourish the 821 million people who are hungry today and the additional 2 billion expected people, a profound change is needed in both agriculture and the current system to obtain food [12] . As estimated, agriculture will need to produce 60% more food globally and 100% more in developing countries [22] .
The promotion of sustainable agriculture reduces poverty (SDG1) and enables sustained, inclusive and sustainable economic growth (SDG8). The application of IoT to agriculture allows resources to be optimized, production costs to lower and crop losses to be avoided [31] . In developing countries, the challenges of loT in agriculture are the cost of equipment and the need for wider internet coverage. These two prerequisites prevent many farmers in developing countries to enjoy this technology [32] . Specifically in the monitoring area, its adoption in small-and medium-scale farms is very much limited due to lack of awareness and deployment costs. So the potential to develop cost-effective agricultural-based IoT solutions remains a very open area [29] . Every year, 1/3 of the food produced in the world for human consumption-an estimated 1.3 billion tonnes -is wasted. Food losses and waste amounts to roughly US$ 680 billion in industrialized countries and US$ 310 billion in developing countries [33] .
Projects based on applying IoT to SDG1, SDG8 and SDG2 have been successfully implemented in developing countries. In 2014, Hong et al. [34] presented a project for reducing food waste: an adaptive user-oriented charge policy was used to motivate residents to reduce their food waste, and Web-based services were provided to achieve more efficiency in the disposal and collection processes. In India farmers remotely control micro-irrigation pumps using Nano Ganesh. With this mobile phone-based remote control system, farmers switch water pumps on/off and check the availability of the water supply near the pump end [35] . Another IoT project in Sri Lanka and Rwanda, based on sensor networks installed in tea plantations, constantly analyzes the moisture and nutrient content of soils to ensure that water and fertilizer are optimally used [13] . Kilimo Salama allows Kenyan smallholders to insure their crops against drought and floods by IoT technology [36] .
3) EDUCATION
Globally, 264 million children and adolescents do not have the opportunity to enter or complete school. [37] . In 2017, the highest levels of illiteracy between young people (youth aged 15 to 24) were found in Sub-Saharan Africa (more than 50% of the youth population in countries such as Mali, Niger or Chad) and Southeast Asia [38] .
IoT application accelerates towards attaining the SDG4. Kim et al. [39] stated that low-cost, mobile learning technology has the potential to facilitate personalised and exploratory learning through a child-centred model in underprivileged areas. An example of IoT applied to education is the Higher Education Support Project, launched in Burkina Faso, that established a new Virtual University with the aim to diversify higher education delivery models [40] . In China, the Guangdong Compulsory Education Project supports the installation and use of ICT equipment and the development of digital educational content for students [40] .
4) ENVIRONMENT AND CONSERVATION
The World Bank estimates that, climate change could result in more than 100 million additional people living in extreme poverty by 2030 (without measures to protect poor families from its impacts) [41] . A changing climate will impact everyone, but it is already having the highest impact on poor communities with the fewest resources to adapt [42] . The poor are disproportionately affected by disasters [43] : of the 30 countries most vulnerable to natural disasters and a changing climate, 26 are least developed countries. The vast majority of deaths and people affected by natural disasters take place in the developing world: between 1991 and 2005, around 90% of deaths as a result of disasters and 98% of the population affected by disasters lived in developing countries [9] . Another key element is the conservation and sustainably use of marine resources as well as terrestrial ecosystems. Fisheries and aquaculture offer ample opportunities to reduce hunger and alleviate poverty, generating economic growth [44] . Overfishing threatens a valuable source of food; unmanaged aquaculture can be the driver of pollution contributing to the ocean acidification [44] . The IoT application has the potential to reduce greenhouse emissions and helps slow the rise of global temperatures [45] ; in addition, IoT allows to mitigate the effect of natural disasters. An example of IoT application in this area is the initiative developed by IBM's China Research Lab and the Beijing Environmental Protection Bureau (BEPB) [46] to scale-up its air quality forecasting system. A network of sensors spread throughout Beijing returns increasingly precise forecasts of air pollution levels in different neighborhoods. Very interesting IoT applications are the Tsunami Early Warning Systems installed in India, Islamic Republic of Iran, Pakistan, and Oman [47] . The tsunami detection using IoT is extremely helpful to spread early warning messages as compared to normal detection systems and hence it avoids more destruction. Adoption of IoT could reduce the chances of losing human lives as well as damage to large-scale infrastructures due to disasters [30] .
5) RESILIENCY, INFRASTRUCTURE, AND ENERGY
Today 1.06 billion people still have no access to electricity and 3.04 billion people still rely on solid fuels and kerosene for cooking and heating [48] . Income levels and no having access to modern energy and good infrastructures are well correlated: countries with the highest ratio of the population living on an income of less than $1.90 per day tend to have low electrification rates and a high proportion of the population relies on traditional biomass use for cooking. A majority of the people with no access to electricity live in sub-Saharan Africa and Southeast Asia, and, to a lesser extent, in the Middle East, Central Asia and Latin America. Likewise, most people with no clean cooking means live in Southeast Asia (1.9 billion), followed by sub-Saharan Africa (850 million) [48] .
IoT4D aids in providing power solutions by enabling clean energy technologies, creating smarter energy markets and by optimizing the implementation of existing products [47] . In Kenya, M-Kopa [4] (IoT Microsoft award) was designed to provide everyone with high-quality energy at an affordable rate, especially off-grid people. After installing Solar Home Systems, customers are able to utilize the electricity generated by solar cells to power home appliances, and M-Kopa remotely monitors system uses and failures. In example, the monitoring of Solar Home Systems allows the early detection of failures extending the long-life of the photovoltaic system. In 2014, Project Surya launched a solution to enable extremely low-income women in Odisha, India, to afford clean cooking stoves. Sensors installed on forced draft stoves detected and uploaded data about cooking events on clean cook stoves [5] .
These projects have improved the lives of many people in developing countries. IoT applications in agriculture are focused on water management, providing mechanisms for avoiding water stress (under-irrigation and over-irrigation).
The outcome of this IoT projects is to reduce the waste of water and energy. On the other hand, effectiveness and productivity increase, and consequently, the economy of the families improve. Additionally, in most developing countries women are disproportionately affected because their access to resources and energy benefits is further limited by gender disparities as the role of the woman in developing countries is to collect wood and water. This situation has negative consequences such as the physical effects of drudgery in traveling long distances to obtain fuel wood and water, the health effects of indoor air pollution and reduced school attendance. IoT projects focused on energy and water also improve other aspects such as gender equality, health or education. However, some of these initiatives required large initial investments or the use of previously installed infrastructures. As indicated in Section 2.2., in developing countries, infrastructures are often very poor or nonexistent. To achieve high IoT dissemination in developing countries, one of the main requirements is to use simple inexpensive technology.
B. CHALLENGES OF IOT IN DEVELOPING COUNTRIES
With the emergence of IoT, several works [2] , [34] , [49] have analyzed the expansion of this technology in the developing world by highlighting the challenges for IoT to reach billions of people living in developing countries to accelerate income growth and social development as a result. This section summarizes the key features to contextualize IoT in developing countries.
1) TECHNICAL CHALLENGES
1. Design requirements [49] : In 2013, Karim et al. [50] reported that information requirements in developing countries differ from those in industrialized countries. So IoT systems for developing countries generally have different design requirements and technological frameworks. As reported by the World economic Forum's report [15] seven billion persons, the 95% of the global population, live in an area that is covered by a mobile network. According to a Groupe Speciale Mobile Association (GSMA) report [54] , 63% of Africans had access to improved water supply and 32% to electricity in 2014, compared to 82 % who had access to GSM coverage. In 2008, United Nations research in India [55] showed that nearly 366 million people (31% of the population) had access to improved sanitation, while, 545 million mobile phones were connected to service. 6. Internet connectivity: Internet connectivity is a prime issue for enabling IoT. Internet penetration in developing countries is increasing [34] . In most developing countries, mobile broadband is more affordable than fixed broadband services [53] . Figure 2 shows the growth of mobile broadband subscriptions during the period from 2012 to 2017. In industrialized countries, 94% of young people aged 15-24 use the Internet compared with 67% in developing countries and only 30% in Least Developed Countries (LDCs) [53] . However, overall figures reveal that of the 830 million young people who are online worldwide, 320 million (39%) live in China and India [53] . 7. Power supply: As things move around and they are not connected to a power supply, their smartness needs to be powered from a self-sufficient energy source [56] . On the other hand, Miazi et al. [49] reported that reliable power supply is a big challenge for enabling IoT in most of the developing countries, being solar and wind the effective solutions. 8. Lacking local IoT expertise [13] : In developing countries, one main challenge is lack of technically knowledgeable personnel [57] due to IoT systems requiring regular maintenance, updates and function testing.
2) ENVIRONMENTAL CONDITIONS
Harsh environmental conditions: The ''Global Climate
Risk Index 2018'' [58] report studies to what extent countries have been affected by the impacts of weatherrelated loss events (storms, floods, heat waves etc.) [59] .
During the 1997-2016 period, nine of the ten most affected countries were developing countries [58] . This means that the IoT systems installed in developing countries must be prepared to operate under extreme climatic conditions (heat, humidity, etc.).
3) SOCIAL DIFFERENCES
1. Rural-Urban differences: In developing countries, the differences between rural and urban areas are vast: 85% of poor people live in rural areas [63] . These differences affect to infrastructure used by IoT deployment such as telecommunications networks or electricity grid. [67] argued that there are still several IT related issues that hinder further dissemination of IoT in agriculture. These include expensive the lack of established sensor network standards.
Government regulations [68]: In 2019, Abunohaiah and
Al-Haija [69] reported that the IoT has broadly been unregulated so far. A clear regulatory framework could accelerate the expansion of IoT and make it more potential [69] . Large majority of IoT consumers lack trust in the IoT devices and favor more government regulations to protect data access and use, amongst other aspects [68] . Countries such as India [70] and Senegal [71] have just included IoT regulation as a priority. Concretely the Government of India has introduced policies and initiatives simplifying the licensing and regulatory frameworks whilst ensuring appropriate security frameworks, to leverage benefits of IoT in several sectors [72] .
5) FINANCIAL CONDITIONS
1. Lack of financial systems [60] Access to basic banking services in developing countries is extremely limited [61] . This is the main reason why different business models, such as pay-as-you-go (PAYG), are emerging especially in developing countries and are combined with IoT initiatives [62] .
III. THE FUTURE OF IoT4D
After studying the current context and the challenges for applying IoT in the developing world and reviewing successful projects in which IoT has been applied, the future of IoT4D is presented as a combination of two key aspects: low-cost IoT and PAYG. Today 1.7 billion people remain unbanked, but two thirds of them own a mobile phone [73] . It has been necessary to adopt different ways of doing business to reach these people with product and services to improve their livelihoods. In recent years in developing countries, the tendency is to combine IoT technologies with seamless digital payments and new business models like PAYG.
The integration of open-source tools into the design of IoT projects considerably reduces technology costs. The use of this low-cost IoT allows consumers to be provided with previously inaccessible products that enhance their livelihood and also allow them to start on a path to financial inclusion [62] .
A. LOW-COST IoT
In recent years, open-source tools have exponentially increased and have become a trend in the last decade. With the proliferation of open-source hardware-based (OSHW) projects, novel OSHW platforms have been progressively incorporated into the design of precise low-cost IoT systems. Table 2 shows initiatives that have been developed in the last 10 years in the IoT4D area. Most of the found projects have been designed around open-source tools. Of all the OSHW platforms available on the market, Arduino TM [73] , [74] , [76] , [80] , [82] , [86] , [88] - [90] , [91] , [92] , [94] - [97] , [100] and Raspberry PI [75] , [77] - [79] , [83] , [87] , [91] have been the most widely used platforms to be integrated into IoT4D projects. The most widespread open cloud platform was Thingspeak [84] , [91] , [93] , [95] , [100] . Table 3 shows the IoT4D projects linked to SDGs. Several projects focus on improving the water-energy-food index. In 2019, Fell et al. [99] presented a smart low-cost remotemonitoring flow sensor designed for the developing country context. The sensor used low-cost off-the-shelf sonar devices to gauge river height as a proxy for flow rates and operates via an IoT node based on mobile communications (GSM) to provide real-time data. The sensor was applied in Franschhoek, South Africa. In relation to the smart energy for developing, in 2019 López-Vargas et al. [100] presented a new low-cost datalogger designed specially to monitor Solar Home Systems installed in rural areas of developing countries. The datalogger used mobile communications to transmit data, and provided real-time remote monitoring to collaborate in the success of rural electrification programs [101] , [102] . Along the same line, in 2018 Sanni et al. [97] applied the IoT concept to smart metering to measure key energy use data and to send instantaneous data to a web server to be accessed by permitted users. It was developed to be applied in Africa. Several projects work in line with the Zero Hunger objective throughout smart irrigation and smart farmer projects. In 2018, Abagissa et al. [95] presented a system composed of: a sensor network to assess temperature, humidity and water level adjustments: a sensor node needed for an optimal farming environment; monitoring management devices to collect and analyze the data from collected the sensor node, to store them in the management server and to alert an emergency. In 2017, Salvi et al. [86] presented a new framework for multilevel farming in urban areas with limited cultivation space; it was designed to be applied in India. Cloud-based data analysis and monitoring allowed the user to analyze and monitor the irrigation system over the Internet by providing ubiquitous access via Bluetooth modules. Their experimental results showed reduced water use and better power use.
One of the main challenges for expanding IoT in developing countries is connectivity. Among all the different standards deployed on the market [103] , usually distributed in different frequency bands and using multiple communication protocols, selecting the most suitable connectivity technology for an IoT application can be challenging. Wireless technologies have been widely used for decentralized systems, although Ethernet cable is an alternative for centralized systems [104] . The connectivity requirements of different types of IoT networks vastly vary depending on their purpose and resource constraints. Most of the reviewed projects use WLAN [79] , [81] , [83] , [88] , [89] , [92] , [94] , [95] , [98] , [97] technologies for connectivity systems, mainly Wi-Fi. Another interesting solution implemented into some studied projects is the creation of low-power wide-area networks (LPWAN) [84] , [96] , [105] . The network sends data to a central node that usually acts as a gateway by sending information to the cloud via WWAN technologies (mobile communications in many cases). Mobile communications [72] , [80] , [91] , [93] , [99] also offer a good solution in areas deprived of traditional telecommunications (wired) networks. After reviewing, Sothern Asia was identified as the region with more IoT4D projects based on low cost technology.
B. PAY-AS-YOU-GO AND DEVELOPING COUNTRIES
Pay-as-you-go refers to a business model which helps lowincome customers to access to basic services. Commonly, companies offer a product for which a customer makes a down payment. This first payment isfollowed by regular payments for a term ranging (usually 6 months-8 years). Payments are typically made using mobile money; other methods used include scratch cards, mobile airtime or cash [106] .
Of all the industries leveraging PAYG models in developing countries, the market for PAYG solar home systems (PAYG solar) is the most mature, especially in Sub-Saharan Africa [62] . The global PAYG solar market is projected to grow to $6-7 billion in revenue and 20 million in unit sales annually by 2022.
Solar PAYG is taken as an example of PAYG application in the developing world that can be used as a test, and can help predict how the PAYG model can be applied to other development aspects in line with SDGs. Other industries beyond PAYG solar in which PAYG models are creating livelihood improvements are clean water, telecommunications, agriculture, cooking stoves and gas, sanitation or education [62] . All this makes the PAYG model most appropriate for IoT to expand in the developing world.
Some projects focused on different SDGs have included the PAYG model. eWaterPay [107] is a pre-payment water dispenser harnessing IoT. Awarded in 2018 with a GSMA's Global Mobile Award in the category ''Outstanding Mobile Contribution to the UN SDGs'' this project works across sub-Saharan Africa ensuring 24/7 accessibility to clean water in communities that need it most. This project uses the PAYG model of payment applied to water (''Pay as you drink''). This project has impacted in sub-Saharan communities -who previously had little or no access to a clean, reliable water source-and now have access through a low-cost, PAYG water model. eWATERtap is an example of how the combination of IoT and PAYG is providing livelihood essentials and helping drive inclusion [62] . The Hello Tractor initiative [108] allows farmers to request affordable tractor services using a mobile application. Hello tractor works in Nigeria and it uses the PAYG model. By accessing tractors through Hello Tractor, farmers can drastically increase their yields and enhance their incomes [62] . The Acacia Irrigation project [109] is an initiative by the Sustainable Engineering Lab, to provide solar powered irrigation for farmers in Senegal. The Acacia Irrigation project also uses the PAYG model. In 2017, the United Nations Capital Development Fund [110] and the Promoting Equality in African Schools [111] in Uganda investigate how digital finance can help to alleviate the school fees payment issues for parents, schools and students, using the ''Payas-you-learn'' (PAYL) as a payment model for schools in Uganda [112] .
Summarizing, in developing countries, to combine lowcost IoT technologies with seamless digital payments and new business models like PAYG provides consumers with previously inaccessible, capital-intensive products that enhance their everyday lives while simultaneously placing them on a path to financial inclusion [62] . In Table 4 , key characteristic studied in this work are listed; they are presented as the optimal solution for the expansion of IoT4D.
IV. CONCLUSION
The potential of IoT in the developing world is to make an even greater and more significant impact than in industrialized countries. Problems faced by developing countries can open up new unexplored fields to apply IoT to. Around 85% of IoT deployments have the potential to address SDGs. The application of IoT between developed and developing countries differs. Infrastructures, connectivity, lack of personnel with technical knowledge, environmental conditions or financial systems are key aspects for implementing IoT into the developing world. One of the main challenges for expanding IoT in developing countries is connectivity. Most projects use wireless communications. In many cases the combination of low-range networks combined with mobile communications offers an excellent cost-effective solution.
With open-source hardware-based (OSHW) projects proliferating, novel OSHW platforms have been progressively incorporated into the design of precise low-cost IoT systems. Such projects do not generally require high initial costs, which allows greater dissemination and makes this area more appealing and affordable for the scientific community to achieve SDGs. To combine IoT technologies, seamless digital payments and pay-as-you-go are a tendency in the developing world that is obtaining excellent results. So the combination of Low-cost IoT and PAYG is presented as the perfect scenario to better disseminate IOT4D to achieve SDGs.
To adapt IoT projects to the needs of developing countries by integrating open source tools and new financing models to collaborate in achieving the SDGs is presented has a brilliant future line. Another interesting future line is to make a followup of the IoT4D projects installed and, based on established metrics, to evaluate the results and the level of accomplishments of the SDGs.
